Under the hypothesis that modifying nitrogen sources and doses could increase nitrogen fertilization efficiency and productivity and improve forage quality, this study aimed to evaluate the morphological composition, structural characteristics and chemical composition of Panicum maximum cv. Massai forage cultivated under different urea sources (common and coated with Policote 
Introduction
Reconciling high forage yield and perennial pasture requires adequate management of defoliation and the establishment of a balance that respects the specific limits of each forage species under different sources and doses of fertilizers, concomitant with the conservation of the environment.
In this context, it is known that pasture fertilization is an important strategy aimed at increasing productivity and competitiveness in livestock and that several technological alternatives have been proposed in recent years, among which nitrogen fertilization is the most important. However, the use of nitrogen fertilizers by farmers is still limited, mainly due to fertilizer cost due to the size of the areas involved and the need for frequent applications, in addition to the possible losses when not associated with the fraction incorporated by microorganisms and plants (VITOR et al., 2008) , which justifies the study of the effect of different sources and doses of N on the different crops in the different environments in which they are cultivated.
In addition, in nitrogen systems, nitrogen fertilization also aims to increase the sustainability of the plant community, and the search for sources that provide N with less loss encourages the application of fertilizers that contribute to increase the nitrogen use efficiency. These fertilizers act by releasing nutrients in a controlled manner according to the needs of the plants. After application, the water-borne fertilizer penetrates the interior of the granule and condenses the solid fertilizer; then, partial dissolution of the nutrients occurs. The mechanism of nutrient release depends on the chemical characteristics of the coating, the thickness, the coating process and the agronomic conditions (AZEEM et al., 2014) . These fertilizers have shown promising results in crops such as rice (GAO et al., 2015) , potato (ZIADI et al., 2011; WILSON et al., 2009) , corn (GAGNON et al., 2012; GRANT et al., 2012; KAPPES et al., 2009) , citrus orchards (GIRARDI; MOURÃO FILHO, 2003) , and wheat (NASH et al., 2012; YANG et al., 2011) .
However, evaluations of these N sources in forage plants and/or in pastures are still scarce (SANTINI et al., 2016) , and even rarer are studies that evaluate these fertilizers for longer periods, as in the case of cycles of pasture use, which require this nutrient throughout the year.
Nitrogen fertilization influences the distribution and arrangement of pasture structural components such as plant height, morphological composition, tiller density and leaf:stem ratio. In addition to the accumulation and nutritional value of the forage, these characteristics are of great relevance for assisting in the management of defoliation since they are indispensable for the establishment of management practices that promote the perennial dominance of desirable forage species (CASTAGNARA et al., 2011) .
In this context, the present study was carried out with the objective of evaluating the effects of different urea sources and nitrogen doses on the structural characteristics, forage accumulation and nutritional value of Massai grass during the autumn, winter and spring of 2014 and the summer and autumn of 2015.
Materials and Methods
This experiment was conducted at the Animal Science Institute of the Federal Rural University of Rio de Janeiro, Seropédica -RJ, at 22°45' south latitude and 43°41' west longitude and at 33 meters altitude. The climate in the region is AW (Köppen), with a dry season from April to September and a hot and rainy season from October to March. Meteorological data on precipitation, air temperature and water balance of the experimental period (April 2014 to August 2015) are presented in Table 1 . The soil of the experimental area was classified as Haplic Planosol (RAMOS et al., 1973) , and after being sampled on 4/2/2014 (before the start of the experiment), the following chemical analysis results were obtained: pH (H 2 O) = 6.0; OM = 15.3 g dm -3 ; Ca = 2.05 cmol c dm -3
; Mg = 0.98 cmol c dm -3 ; K = 0.07 cmol c dm -3 ; Na = 0.06 cmol c dm -3
; H+Al = 1.98 cmol c dm -3 ; P (Mehlich 1) = 17 mg dm -3 ; CTC = 5.14 cmol c dm -3 and 61% base saturation. Based on these results, the experimental units were fertilized with 80 kg ha -1 of P 2 O 5 in the form of single superphosphate on 04/14/2014, according to recommendations of Portz et al. (2013) .
The experiment was designed in randomized complete blocks under a factorial arrangement (3x2) + 1, represented by three doses of N (200, 400, 600 kg ha -1 year -1 ), two sources of urea (common and coated with Policote ® ) and a control treatment (without fertilization with nitrogen) during the autumn, winter and spring of 2014 and the summer and autumn of 2015 (under a procedure of repeated measures over time).
N doses were fractionated into five equal applications throughout the year, three from winter to spring and two from summer to autumn, and applied 10 days after forage crop cutting. Maintenance treatments were performed with urea (common and coated) only for treatments with N and with potassium chloride (600 kg K 2 O ha -1 year The interception of the photosynthetically active radiation percentage (light intercept -IL) was assessed weekly using a ceptometer apparatus (AccuPAR Linear PAR / LAI ceptometer, Model PAR -80) with six readings, above and below the forage canopy, in each plot (between 9:00 AM and 2:00 PM) until the IL reached 90% and every other day thereafter. When the IL of each plot reached 95%, manual cutting of the plants 15 cm from the soil was performed. Together with the IL reading, height measurements of the sward were also recorded, accounting for 12 measurements per plot, based on the curvatures of the last leaves already expanded, using a ruler graduated in millimeters.
The forage samples were obtained by cutting all the plants contained in the useful area of each experimental unit and then weighing and separating them into two subsamples of approximately 300 g each. Subsample 1 was fractionated in dead material, pseudo stem (stem + leaf sheath) and leaf blade, and subsample 2 was fractionated in dead material and green material. All fractions of both subsamples (1 and 2) were dried in a forced-air ventilation oven at 55 ± 5 ºC for 72 hours until constant mass to obtain their respective dry masses.
Morphological compositions were calculated based on the dry mass of each fraction of subsample 1 in the forage mass of the original samples. The leaf blade:stem ratio was obtained by dividing the dry mass of leaf blades by the dry mass of stems. Forage accumulation was estimated based on the sum of the forage masses obtained from each treatment in each season, and the accumulation rates were obtained by dividing the forage accumulation by the period (days) of all cuts of each treatment in each season of the year.
Tiller population densities (tiller m -2 ) were evaluated in subsample 2 by counting the number of tillers in the same and the density calculation based on the dry mass of the sample (tiller m -2 ), followed by obtaining their dry masses.
As the criterion established for the cuts performed was 95% IL for each replicate (plot), the cuts occurred on different dates between the replicates of each treatment. Therefore, forage accumulation rates were estimated based on the sum of the forage mass values obtained at the intervals of the replicate cuts at each season. On the other hand, the variables of forage mass, dry mass of leaf blades, stem and dead material percentages, and leaf blade:stem ratio were estimated based on the average values obtained in each cut of the repetitions. For the variables height, tiller population density, and those of chemical composition of the forage, there was no evaluation in autumn 1 because no cut occurred in this season as the canopies did not meet the criterion (95% IL).
The nitrogen use efficiency (NUE) was calculated as follows: NUE = [(forage accumulation of the fertilized treatment -forage accumulation of the control treatment) / N dose applied of each treatment in each season, in kg ha -1 ]. This variable was also calculated in proportion to the seasons, as described above for the forage mass.
The dry matter (DM) and crude protein (PB) contents of the forage were determined according to AOAC (2000) , and the neutral detergent insoluble fiber (NDF) content was determined according to Van Soest et al. (1991) using subsample 2.
The results were submitted to variance analysis using PROC MIXED of SAS ® , version 9.2. The matrices of variance and covariance were selected according to Akaike's criterion (WOLFINGER, 1993) . PROC REG (p<0.05) was used to evaluate the effects of quantitative factors (nitrogen doses) and, for qualitative purposes (urea sources and seasons), the mean values of the treatments, estimated by "LSMEANS" and compared by difference probability ("PDIFF") with 5% probability.
Results and Discussion
In the experimental period, there was a water deficit at the beginning of the experiment (April 2014), followed by a surplus period (May to July 2014), when the highest monthly averages were recorded in July (97 mm) and June (202 mm), and a new water deficit during the remainder of the experimental period (August 2014 to August 2015), as presented in Table 1 . However, these data are in contrast to those verified by Alcântara and Schueler (2015) , who found maximum rainfall in the period from November to April, with monthly averages varying from 196.1 mm in January to 109.2 mm in April, based on 30 years climatic data (1984 to 2014) obtained from INMET for Seropédica, RJ.
In the present study, the highest (339 mm) and the lowest (130 mm) values of accumulated mean precipitation occurred in the seasons autumn of 2014 and autumn of 2015 (periods from April to June of the respective years). This behavior was also considered atypical when compared to that described by Oliveira Júnior et al. (2014), who evaluated the seasonal distribution of 10 years of data (2002 to 2012) obtained from INMET to Seropédica, RJ, and verified that in the summer (December to February), the highest average values of accumulated mean precipitation were 250 mm, and the lowest were in winter (June to August), below 50 mm. In addition, the fluctuations between minimum and maximum air temperatures for autumn, winter and spring of 2014 and summer and autumn of 2015 were higher than those commonly found in the literature for Seropédica (CARVALHO et al., 2011) .
There was an effect (p<0.05) of interaction between dose, nitrogen source and season on forage mass, dry mass of leaf blades and dead material percentage (Table 2) .
It is worth noting that the highest effect observed for the use of coated urea (linear effects) in relation to common urea (quadratic effects) on forage mass in autumn 1 and 2 was due to the polymer coating promoting greater release control (Table  1) . However, it is important to note that there was a significant reduction in the number of rainfall events during the rainy season. In summer, the greatest effect of the use of common urea (linear effect) was due to the lower rainfall and high water deficit, which contributed to the loss of leaching of the common urea. This possibly favored the higher growth rate of the plants according to the need for a more readily available N source. In contrast, for coated urea, the release of nitrogen into the soil solution depends on the dissolution and diffusion in the fertilizer granules, making it less efficient than the common urea in this situation.
The greater participation of leaf blades in the forage mass verified in the spring of 2014 and summer of 2015 (Table 2) for both sources of urea was due to the higher frequency of cuts (up to three cuts in the same season) when compared to the others, due to the high temperatures and the increase in the precipitation that favored the growth of the plants, together with the better utilization of the nitrogen fertilizer, accelerating tissue renewal, tillering and production of leaf blades, as highlighted by Lopes et al. (2011) . The average proportion of leaf blades in relation to the total forage produced in the present experiment (82.0%) was similar to that obtained by Emerenciano Neto et al. (2016) and higher than the 63% observed by Emerenciano Neto et al. (2013) , both for Massai grass. These differences can be explained both by the criterion of the cut, as well as by the climatic conditions (solar radiation, rainfall index and temperatures) and soil characteristics of each region where the experiments were carried out. The highest values of dead material dry mass were obtained for the control treatment in all seasons, while the lowest values did not show a pattern of occurrence for doses or sources of urea within each season. The dead material dry mass percentages were less than 16% (greater than in the winter season and of the whole experiment) in the forage mass and well below the 63 and 62% obtained in the experiments of Emerenciano Neto et al. (2013) and Euclides et al. (2008) for this same variable, respectively. This shows good control of the canopy structure under Massai grass cutting by light interception (95% IL), even considering the edaphoclimatic differences between experiments. In addition, the effect of increased nitrogen fertilization on the reduction of the values of this variable was evident for both sources of urea in all seasons, possibly due to the greater growth of the plants and accumulation of fodder and consequently less time needed to reach the established cut criterion (95% of IL) and remain under auto-shading, leading to the lower accumulation of dead material in relation to the control treatment.
There was an interaction (p<0.05) between nitrogen doses and seasons of the year for height and tiller population density (Table 3) . Higher values of height were verified during the summer season, and only for the control treatment were lower values in autumn 2 (44 cm) and winter (48 cm), respectively. There was a negative linear effect during summer and spring, and there was no effect of N dose during autumn/winter (47 cm) and autumn 2 (48 cm). This is due to the high temperatures, small increase in rainfall (Table 1 ) and favorable conditions of solar radiation of the summer season, which favor the growth and production of C 4 plants (LAWLOR, 1987) . It is verified that the average height of the canopy (54 cm) obtained in the experiment at the moment of the cut is within the values already reported in the literature for Massai grass (50 and 60 cm) by Emerenciano Neto et al. (2016) under the criterion of fixed days, evidencing good control of the forage canopy structure when cut at the time at which each repetition reached the desired level of IL (95%). The lowest values obtained in autumn 2 and autumn/winter in relation to summer and spring for the control treatment were probably because the cut was performed even when the Massai grass canopies showed levels of IL below 95% in these two stations, after three to four weekly follow-up evaluations of IL without increasing levels of this intercept for this treatment.
As for height, higher tiller population densities were obtained in the summer, but with lower values in autumn 2 for all N doses. However, there was a greater variation in the results in relation to the N doses, especially for the dose of 600 kg ha -1 year -1 , in which equality between summer, spring and winter was verified. There was a positive linear effect of N dose during winter, spring and autumn 2, with a higher fall/winter (1.3 tiller m -2 per N kg), and a positive quadratic effect during the summer of 1069 tiller m -2 for the dose of 430 kg ha -1 year -1 N.
There was an effect (p<0.05) of interaction between dose, urea source and seasons of the year for leaf blade:shoot height ratio, forage accumulation rate of Massai grass, and nitrogen use efficiency during autumn 1, winter and spring of 2014 and summer and autumn of 2015 ( Table  4) . The values of leaf blade:shoot height ratio of Massai grass (average of 8: 1) are considered high in relation to those obtained for other forage plants, as demonstrated by Brâncio et al. (2003) , who evaluated three cultivars of Panicum maximum and reported higher values of leaf blade:stem ratio for cv. Massai grass (7:1) compared to cvs. Tanzania and Mombasa (values between 1:1 and 2:1). These high values of leaf blade:stem ratio of the Massai grass are probably due to the lower weight of their stems, as observed by Brâncio et al. (2003) , which implies a higher proportion of leaf blades and better quality of forage produced.
Lower forage accumulation rates were verified for the control treatment during all seasons and were generally higher for the higher N doses (400 and 600 kg ha -1 year -1 ). In addition, higher forage accumulation rates were also verified during summer and spring in relation to the other seasons. There was a positive linear effect of N doses for both sources of urea during all seasons. The maximum forage accumulation rate was not obtained in the regression analysis, even under the effect of the maximum N dose studied (600 kg ha -1 year -1
). This is due to the interaction between N and the cut frequency, in the sense that the former favors the recovery of the plants and the vigor of the tiller, and the second can allow the maintenance of apical meristems, both of which can therefore have beneficial effects on the vigor of regrowth (HILL; WATSON, 1989) . According to Hodgson (1990) , forage beds submitted to nitrogen fertilization with availability of light incidence directly promote greater development of basal or lateral growth buds, justified by the fact that nitrogen increases the photosynthetic efficiency of the plants and, consequently, the accumulation of forage (MACEDO et al., 2012) . The average forage accumulation rates verified in this experiment (60 kg ha -1 day -1 DM) were higher than those obtained by Luna et al. (2014) The linear increase in the nitrogen use efficiency (Table 4) in the winter season with the use of coated urea is due to reductions in N losses, with maintenance of the timing of release of this nutrient according to the needs for growth and development of plants (AZEEM et al., 2014) . However, the reduction of the nitrogen use efficiency under higher N doses (Table 4) is due to the leaching or accumulation of N in the tissues of plants, as a function of the amount of nutrient applied to the plant exceeds the capacity of the plant to absorb and use it for production (DOUGHERTY; RHYKERD, 1985) . Higher nitrogen use efficiency under lower N dose (200 kg ha -1 year -1 ) of common urea in winter, summer and autumn 2 and under the highest N dose (600 kg ha -1 year -1 ) of coated urea during autumn 1, winter and autumn 2 (Table 4) reveals that there was a beneficial response to the use of coated urea at a higher N dose possibly because this source promoted greater control of N availability for plants at the time at which this nutrient was subjected to greater losses due to adverse weather conditions. This occurred in autumn 1 and early winter due to high rainfall (Table 1) and average maximum and minimum temperatures of 27.8 and 17.9 °C, respectively. Although during most of the winter season there was low precipitation (Table 1) , precipitation reflex in autumn 1 favored the lowest water deficit value and, consequently, soil moisture maintenance in the winter season. In autumn 2, there was low rainfall, but the water deficit was low compared to spring and summer, which may have favored the lower loss of soil moisture. In addition, the average maximum and minimum temperatures of 28 and 18.5 °C, respectively, benefited the action of coated urea. In addition, regression analysis of this variable revealed higher values of the estimated maximum points for coated urea in relation to common urea during all seasons in which there was a quadratic positive effect, as well as the greater effect of the use of coated urea in the winter (positive linear effect) verified only for this source of urea. This shows a greater overall benefit of the use of this urea source in relation to common urea for the nitrogen use efficiency during all seasons of the year.
There was an effect (p<0.05) of interaction between dose, urea source and seasons of the year for the dry matter (DM) and crude protein (CP) contents of Massai grass during the autumn, winter and spring of 2014 and the summer and fall of 2015 (Table 5 ). Higher DM contents were obtained for the control treatment in all seasons. A linear negative effect was observed only in the summer for coated urea, already for all the other stations, and for both sources of urea, negative quadratic effects were verified. Higher values of dry matter were obtained in the autumn/winter and autumn 2 seasons. Reductions in DM content due to the increase in nitrogen fertilization in all seasons were due to the effect of nitrogen fertilization combined with the management cut by 95% light interception to promote faster plant growth and consequently increase the frequency of cutting, resulting in more tender plants, i.e., renewal of younger tissues with more soluble components. This effect is probably characterized by the higher proportion of leaves (mean of 82.0%) in relation to the total forage produced in the present experiment (Table 2) , which corroborates the results of Sousa et al. (2010) , who also observed a reduction in dry matter contents with increased leaf participation under increasing doses of N.
Higher values of CP were obtained for coated urea than for common urea, with higher average values in spring (11.8%) and summer (10.8%) and lower values in autumn/winter (9.1%), with emphasis on the highest N dose (600 kg ha -1 year -1 ). There was an increase in CP contents with the increase in N doses (positive linear effect) in all seasons. Therefore, the maximum value of this variable was also not obtained in the regression analysis for any of the season or urea sources studied, even under the effect of the maximum dose of N evaluated, as well as forage accumulation rate (Table 4 ). The effect of nitrogen on the growth of fodder is that it stimulates the tillering and emergence of new organs in the plant, which are rich in N because they contain compounds (proteins, chlorophyll, amino acids and peptides) with a high concentration of this nutrient (SCHLICHTING et al., 2015) . In the present experiment, the highest levels of CP were verified using coated urea (10.4%) than using common urea (9.41%), differing from the results obtained by Lima et al. (2016) , who did not verify the source effect in CP contents. In the present experiment, the mean CP levels were above 7%, except for the control treatment, and therefore can be considered adequate to meet the required minimum of this nutrient, as indicated by Van Soest (1994). There was an interaction (p<0.05) between N doses and season of the year for neutral detergent fiber (NDF) ( Table 6 ). Most NDF values were verified for the control treatment, and the increase in N doses led to a reduction in the levels of this variable (negative linear effect) in almost all seasons (autumn/winter, spring and summer), except for autumn 2, in which no influence of N dose (mean of 72.6% NDF) was verified. The reduction of NDF values (from 75.5 to 70.6%) with increasing N doses (zero and 600 kg ha -1 yr -1
, respectively) in the present experiment corroborates the results obtained by Vitor et al. (2009) , who reported a reduction from 76.9 to 72.0% for the highest N dose (from 100 to 700 kg ha -1 , respectively). In autumn 2, this variable remained constant with increasing N doses (Table 6 ), which may be justified by the reduction in rainfall and temperature in fall.
The mean NDF values obtained in this study (72.9%) were lower than those verified by Geron et al. (2014) for Massai (76.8%), Marandu (78.6%) and Humidícola (75.0%) and Mombaça grasses (73.1%). However, the values obtained in the present experiment for Massai grass are considered high even for tropical forages, since according to Van Soest (1994) , values above 55 to 60% NDF in dry matter limit the voluntary consumption of forage. This is due to the anatomical structure of Massai grass, called the girder I, which consists of an arrangement of sclerenchymatic cells between the epidermal cells and vascular bundle sheaths in the leaf blades (LEMPP, 2007) , which hinders or prevents the removal of the epidermis by digestion or by physical force and limits the voluntary consumption by the animals (EUCLIDES et al., 2008; VOLPE et al., 2008) . 
Conclusions
The use of nitrogen fertilization, up to 600 kg ha -1 year -1 , benefits the morphological and chemical compositions of the forage and the structural characteristics and forage accumulation of Massai grass.
Higher nitrogen use efficiency is obtained with coated urea than with common urea in all seasons of the year, when increasing N doses are applied in Massai grass pastures.
